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Abstract 2 CESR SINGLE BUNCH DYNAMICS

Measurements of the beam’s bunch length in the Corn&ff€ longitudinal phasespace inthe storage ring is
Electron-Positron Storage Ring (CESRgre madausing determinedrom acceleratorcomponents as well asom

a streak camera. The experimental seangithe analysis collective effects. INCESR, the electromagnetidields
techniques used aescribed inthis paper. For a single which affect the bunch distribution are from the more than

bunch in CESR, the dependence ofthe longitudinal four hundred magnets, which guide the bunciresnd the
distribution on the bunckeurrent and accelerating RF accelerator, two RF accelerating statlonsg;agnteract the
voltage, wasmeasured and comparedith a simple bunchenergyloss due to synchrotron radiationand two
theoretical model ofthe CESR vacuum chamber Wiggler magnetsised to creatsynchrotron radiation for
impedance. Some basigarameters othis model were the CHESSX-ray Facility. ~ Ignoring collective effects,
determined from the measured bunch distributions (he standard deviation bunch length is given by [1]

presented in this paper. o, :<T2>% :Qi\CquD | Ii| E
1 EXPERIMENTAL SET-UP AND A J ; hB o earals. Th
ANALYSIS TECHNIQUE wherel,, I3, and |, arethe synchrotron integrals. The

terma is the momentum compactiorky is the nominal
The streakcamerauses synchrotroradiationproduced by energy, and Qg is the synchrotronfrequency.  The

the accelerator dipole magnets to determine the gynchrotron integrals thaeflect CESR, when thestreak

pulse istransportedrom the source, out of theacuum 1.

chamber, to &afelocation shieldedfrom radiation,where The longitudinal distribution at lowcurrent is
the streak camera measurements can be made. valuable to minimize collectiveeffects and gives the

The longitudinal profiles of the beam distribution are fippportunity tocomparethe CESRmodel with the time
to an asymmetric Gaussian function with a constag@libration of the streak camera. The results ofstreak

background given by camerameasurements at lowurrent (Table 2) can be
g B DZE compared_/vlt_h the CESRmodel (Tablel). There is a

1(2) =g+ IlexpD—lD (z- 22 B systematicdifference betweenthe CESRmodel and the

g 201+sgn(z=2)A)0,0 5 measured/alues. The theoretical bunch length 38%

here is the pedestaland 1. is the peak of the smaller than the measured bunch length whenilggler
w lo ! PE a 1| ? . magnetsareclosed,and2.1% smaller than theneasured
asymmetric Gaussian. The termegn(z-2z)A is the pnch jength when the wiggler magnete open. A
asymmetryfactor that parameterizedhe shape ofthis gingle snap shot of the bunch distribution with the

Gaussian. wiggler open and closed is shown in Figures 1 (a) and (b).
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Wigglers Open Wigglers Closed
I 8.791m 8.791m
P 9.336x102m > 1.047x10*m™?
I3 1.716x10°m ™2 2.372x103m~?
4 2.088x10°m™! 2.744x10°mt
Is 3.890x10*m™ 5.386x10 “m*
U 1.0290MeV 1.1541MeV
Og | 6.115x107% 6.782x107%
E
oz 1.565x10~%°m 1.739x10°m

Table 1. The synchrotron integrals for CESR for ¢hse

The measurement was als@ade athigh current. The
meanand root meanerror were calculated at each RF
setting and plotted in Figure 2(b). Fitting thata to the
function o,=AVge)" gives a
m=-0.40+0.04.

Comparing the low and high current resultscan be
concluded that the dependencettod bunch length, on the

RF acceleratingroltage, doesnot change aghe current
changes in CESR and m<0.5.

3 CESR HIGH CURRENT
MEASUREMENTS

value of

when the wiggler magnetsre open (CHESS is not The electron bunch distribution wageasuredor currents

collecting data) or closed.

wigglers | RMSo,(mm) | Asymmety Factor
Closed 17.89+0.35 -0.020 +£0.022
Open 15.91+0.12 -0.0024 + 0.029

Table 2. TheCESR low currentbunch length results

with wiggler magnets open and closed.
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At low current, the collective effects for the bunch are ,} t $ | -0a5f t

small. As a result, the equilibrium bunch length in a ¢ t
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storage ring is inversely proportional to tsepiareroot of
the RF acceleratinggap voltage.
electron bunchlength in CESRwas measured as a
function of RFacceleratingsoltage. The measand root
meanerror were calculated at each REtting and plotted
Fitting the data to the function

o, =A\Vge)" gives a value o= -0.43+0.02.

in Figure 2(a).
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The bunch length as a function
acceleratingvoltage when thecurrent in CESR is (a)

7

from 1 mA up to 35 mA with wigglers opeandclosed.
A plot of the bunch lengtland asymmetry factor, as a
function of current, with the wigglers opemdclosed is
shown in Figures 3 and 4.
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Figure 3. The bunch length I@BESR as a function of
current for wiggler magnets: (a) open and (b) closed.
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Figure 4. The asymmetifactor as dunction of current
in CESR for wiggler magnets: (a) open (b) closed.

There are several noteworthy features of the
experimental data: 1) There is a 12% growth inlibiech
length betweenthe currents from 1 to 30nA. 2) The
asymmetry factor (shown in Figures(d) and (b)), which
measuresthe departurefrom a Gaussian distribution,
increases inboth cases as dunction of current. The
asymmetry factor is linear with current, whether the
wigglers are open or closed. 3) The tail of the distribution
gets longer as theurrent increasesyhich is a signature
of potential well distortiordue tothe resistivempedance
of the vacuum chamber. Figures(® through (c) are
single data acquisition, at threldferent currents, fit to an
asymmetric Gaussian function. These distributions can be
used to determinghe vacuumchamber impedance of

of RCESR.
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open and (b) closed.

4 CESR IMPEDANCE - . .
] . The uncertaintiesvere determined byarying the
In the same mannéhat the RFaccelerating fieldsaffect simulation over therange of measurement errors on the
the bunch distribution, beanmnduced voltages from  asymmetryfactor and rms width. Comparisondetween
longitudinal wakefieldsalso influence the shape of thethe simulated bunch distributions using trabove

bunch distribution [2,3]. With potential well distortion,resistance and inductance and the streak camera
the bunch distribution is static bulistorted from a measurements are shown in Figures 6 and 7.

Gaussian distribution by the beanducedvoltage. We
observe iNCESR agreaterdistortion for higherbeam 5 CONCLUSION

current. Assuming that the bunchigakefield may be ) ,
parameterized by In this paper, we have reported the results from the single

iy (t) bunch strealcamerameasurements _thmere dondor the
Viu(t) = Rip(t) + L—22, first time at CESR. These experimentallowed us to
dt resolve thedetails ofthe beam distribution noavailable
by other techniques. We hawadso establishedhat the
potential well distortion is the main singléunch
collective effect in CESR. Itleads tosome asymmetry

the chargedistribution can bedeterminednumerically by
integration [3]. Underthe assumption that thesistance
and inductance areonstant over thaneasured range of

burrr11ch nlerr:tgths%, t;heCIrEeé,li;tti\;and ir?lguc\}ive impr?drﬁrl;c? andlengthening of the beam distribution at highrrent.
components ot the orage Ting vacuunenamboer e paye looked for single bunch coherarstabilities but

. 2 ¢
are determined from g“ fit betweenthe measuredunch pave not registered any up to thighest value oturrent
distributionsandthe simulated bunch distributions. Theallowed by the CLEO detector backgroundhresholds.

x? fit is given by Finally we havealso establishedhat the wigglemagnet
N 2 changeghe synchrotron integrals, a&xpectedresulting
2 _ (S(ti)_ M(ti )) in a change in bunch length.
X = Zl S(ti) The low current single beam bunch length

1= . . .
. measurementsare in close agreementwith a simple
where S(ti) and M(ti) arethe simulatedand measured oo etical model oCESR. The bunch length growth

bunch height at timet; in the distribution. From the with current, when the wiggler magneigre closed and
minimum x2 fit the resistanceand inductancefor each OP€Ned, was used to determine the impedanGEGR, in

current setting are inferred to be this model.
9 The assumption that the resistivend inductive

_ _ impedance ionstant,over the bunchHengths measured,
Ropen =1523+343Q and Rolosed =1322£3100 is consistent with the results. Thiepedance was
and determined bycomparing themeasuredbunch length
Lopen =65+12nH and Lygseg = 72+13nH . dependence onthe current and comparing it to
simulations.  With this method, theacuum chamber



impedance has a resistance of 1523432 and
1322+310Q and an inductance of 6%12nH and
72+13nH for thecase ofthe wiggler magnets open and
closed, respectively.

These measurements confirm our understanding of the
theoretical model ofthe CESR and werevaluable in
exploring the possible future usage of streakneras as a
diagnostic tool in the CESR accelerator complex.

6 ACKNOWLEDGEMENTS

The authors wouldike to thank the Stanford Linear
Accelerator Center for the loan of the streatamera,
especially Robert Siemann and Marc Ross.

7 REFERENCES

[1] Helm, R., Lee M., Morton P., Sands M., “Evaluation of
Synchrotron Integrals,” SLAC-PUB-1193, March 1973.

[2] Haissinski, J., "Exact LongitudinaEquilibrium Distribution of
Stored Electrons in the Presence 8€glf-Fields,” Il Nuovo
Cimento, Vol. 18B, N.1, 11 November 1973, p. 72.

[3] Biling, M.,”"Bunch Lengthening via Vlasov TheoryCBN 80-2,
1980, 15pp. The updated software was written by M. Stedinger
and M. Billing[1998].



